Sufficient conditions for controllability of nonlocal impulsive stochastic quasilinear integrodifferential systems in Hilbert spaces are established. The results are obtained by using evolution operator, semigroup theory and fixed point technique. As an application, an example is provided to illustrate the obtained result.
Introduction
The concept of controllability plays an important role in many areas of applied mathematics. Random differential and integral equations play an important role in characterizing numerous social, physical, biological and engineering problems. Stochastic differential equations are important from the viewpoint of applications since they incorporate randomness into the mathematical description of the phenomena and therefore provide a more accurate description of it. Impulsive effects exist widely in many evolution processes in which states are changed abruptly at certain moments of time involving fields such as medicine, biology, economics, electronics and telecommunications etc., (see [26, 33] ). Besides impulsive effects, stochastic effects also exist in real systems. Most of the dynamical systems have variable structures subject to stochastic abrupt changes, which may result from abrupt phenomena such as stochastic failures and repairs of the components, sudden environment changes and changes in the interconnections of subsystems.
Mathematical modelling of real life problems usually results in functional equations, like ordinary or partial differential equations, integral equations, integrodifferential equations and stochastic equations. Integrodifferential equations play an important role in many branches of linear and nonlinear functional analysis and their applications in the theory of engineering, mechanics, physics, chemistry, astronomy, biology, economics, potential theory and electrostatics. Various mathematical formulation of physical phenomena contain integrodifferential equations, these equations arises in fields such as fluid dynamics, biological models and chemical kinetics. The nonlocal condition which is a generalization of the classical initial condition was motivated by physical problems. The pioneering work on nonlocal conditions is due to Byszewski [10] .
Quasilinear evolution equations are encountered in many areas of science and engineering. It forms a very important class of evolution equations as many time dependent phenomena in physics, chemistry and biology can be represented by such evolution equations. For more details on the theory and applications of quasilinear evolution equations we refer to [25] . Several authors have studied the existence of solutions of abstract quasilinear evolution equations in Banach space [1, 5, 15, 17, 18, 34] . Bahuguna [3] , Oka [28] , Oka and Tanaka [29] discussed the existence of solutions of quasilinear integrodifferential equations in Banach spaces. Kato [16] studied the nonhomogeneous evolution equations and Chandrasekaran [11] proved the existence of mild solutions of the nonlocal Cauchy problem for a quasilinear integrodifferential equation. Dhakne and Pachpatte [14] established the existence of a unique strong solution of a quasilinear abstract functional integrodifferential equation in Banach spaces. Recently, the study on controllability of quasilinear systems has gained renewed interests and only few papers have appeared (see [6, 8, 9] ). Also, the controllability and stability of nonlinear stochastic systems in finite and infinite-dimensional spaces have been studied by several authors [2, 13, 27, 30] . Many extensive results on stochastic controllability were investigated by Jerzy Klamka in [19] - [24] . Balachandran and Karthikeyan [4] and Balachandran et al. [7] derived the sufficient conditions for the controllability of stochastic integrodifferential systems in finite dimensional spaces. We refer to the paper of Sakthivel et al. [32] who derived the controllability of nonlinear impulsive stochastic systems. Subalakshmi and Balachandran [35, 36] studied the controllability of semilinear stochastic functional integrodifferential systems and approximate controllability of nonlinear stochastic impulsive integrodifferential systems in Hilbert spaces. Moreover, controllability of impulsive stochastic quasilinear integrodifferential systems has not yet studied in the literature. Motivated by this consideration, in this paper we study the controllability of nonlocal impulsive stochastic quasilinear integrodifferential systems described by
(1.1) and the control function u(·) takes values in L 2 (J, U), a Banach space of admissible control functions for a separable Hilbert space U. Also, A(t, x) is the infinitesimal generator of a C 0 -semigroup in H and B is a bounded linear operator from U into H. Let K be another separable Hilbert space with inner product (·, ·) K and the norm · K . Suppose {w(t) : t ≥ 0} is a given K-valued Wiener process with a finite trace nuclear covariance operator Q ≥ 0. We employ the same notation · for the norm L(K, H), where L(K, H) denotes the space of all bounded linear operators from
respectively, where L Q (K, H) denotes the space of all Q-Hilbert-Schmidt operators from K into H which will be defined in Section 2 and Λ = {(t, s) ∈ J × J : s ≤ t}.
Here, the nonlocal function h :
represents the jump in the state x at time τ k , where I k determines the size of the jump.
Preliminaries
For more details in this section refer [12] . Let (Ω, F , P; F) {F = {F t } t≥0 } be a complete filtered probability space satisfying that F 0 contains all P -null sets of F . An H-valued random variable is an F -measurable function x(t) : Ω → H and the collection of random variables S = {x(t, ω) : Ω → H \ t ∈ J} is called a stochastic process. Generally, we just write x(t) instead of x(t, ω) and x(t) : J → H in the space of S. Let {e i } ∞ i=1 be a complete orthonormal basis of K. Suppose that {w(t) : t ≥ 0} is a cylindrical K-valued wiener process with a finite trace nuclear covariance operator
are mutually independent one-dimensional standard Wiener processes. We assume that F t = σ{ω(s) : 0 ≤ s ≤ t} is the σ-algebra generated by ω and F a = F . Let Ψ ∈ L(K, H) and define Denote
, and define the following class of functions:
is the Banach space of piecewise continuous maps from J into L 2 (Ω, F , P ; H) satisfying the condition sup t∈J E x(t) 2 < ∞. Let Z ≡ PC(J, L 2 ) be the closed subspace of PC(J, L 2 (Ω, F , P ; H)) consisting of measurable, F t -adapted and H-valued processes x(t). Then PC(J, L 2 ) is a Banach space endowed with the norm
Let H and Y be two Hilbert spaces such that Y is densely and continuously embedded in H. For any Hilbert space Z the norm of Z is denoted by · PC or · . The space of all bounded linear operators from H to Y is denoted by B(H, Y ) and B(H, H) is written as B(H). We recall some definitions and known facts from [31] .
Definition: 2.1 Let S be a linear operator in H and let Y be a subspace of H. The operatorS defined by
Definition: 2.2 Let Q be a subset of H and for every 0 ≤ t ≤ a and q ∈ Q, let A(t, q) be the infinitesimal generator of a C 0 semigroup S t,q (s), s ≥ 0, on H. The family of operators {A(t, q)}, (t, q) ∈ J × Q, is stable if there are constants M ≥ 1 and ω such that
and any finite sequences
Let Q ⊂ H be a subset of H such that for every (t, q) ∈ J × Q, A(t, q) is the infinitesimal generator of a C 0 -semigroup S t,q (s), s ≥ 0 on H. We make the following assumptions:
is a bounded linear operator from Y to H and t → A(t, q) is continuous in the B(Y, H) norm · for every q ∈ Q.
(E4) There is a constant L > 0 such that
holds for every q 1 , q 2 ∈ Q and 0 ≤ t ≤ a.
Let Q be a subset of H and let {A(t, q)}, (t, q) ∈ J × Q be a family of operators satisfying the conditions (E1) − (E4). If x ∈ PC(J, L 2 ) has values in Q then there is a unique evolution system U(t, s; x), 0 ≤ s ≤ t ≤ a in H satisfying (see [31] )
where M and ω are stability constants.
(ii)
Further we assume that (E5) For every x ∈ PC(J, L 2 ) satisfying x(t) ∈ Q for 0 ≤ t ≤ a, we have
Definition: 2.4 [13] A stochastic process x is said to be a mild solution of (1.1) if the following conditions are satisfied:
(a) x(t, ω) is a measurable function from J × Ω to H and x(t) is F t -adapted,
, the process x satisfies the following integral equation
Definition: 2.5 The system (1.1) is said to be controllable on the interval J, if for every initial condition x 0 and x 1 ∈ H, there exists a control u ∈ L 2 (J, U) such that the solution x(·) of (1.1) satisfies x(a) = x 1 .
Further there exists a constant N > 0 such that for every x, y ∈ PC(J, L 2 ) and everỹ y ∈ Y we have
In order to establish our controllability result we assume the following hypotheses:
(H1) A(t, x) generates a family of evolution operators U(t, s; x) in H and there exists a constant C U > 0 such that
is invertible with inverse operator W −1 taking values in L 2 (J, U) \ kerW and there exist a positive constant C W such that
(H3) The nonlinear function f : J × Z → Z is continuous and there exist constants C f > 0,C f > 0 for t ∈ J and x, y ∈ Z such that
(H4) The nonlinear function g : Λ×Z ×Z → Z is continuous and there exist positive constants C g ,C g , for x 1 , x 2 , y 1 , y 2 ∈ Z and (t, s) ∈ Λ such that
andC g = sup (t,s)∈Λ g(t, s, 0, 0) 2 .
(H5) The function κ : Λ × Z → Z is continuous and there exist positive constants C κ ,C κ for (t, s) ∈ Λ and x, y ∈ Z such that
(H6) The function σ : J × Z → L Q (K, H) is continuous and there exist constants C σ > 0,C σ > 0 for t ∈ J and x, y ∈ Z such that
(H7) The nonlocal function h : PC(J p × Z : Z) → Z is continuous and there exist constants C h > 0,C h > 0 for x, y ∈ Z such that
(H8) I k : Z → Z is continuous and there exist constants
(H9) There exists a constant r > 0 such that
Controllability Result
Theorem: 3.1 If the conditions (H1) − (H9) are satisfied and if 0 ≤ ν < 1, then the system (1.1) is controllable on J.
Proof: Using the hypothesis (H2) for an arbitrary function x(·), define the control
Let Y r be a nonempty closed subset of PC(J, L 2 ) defined by
Consider a mapping Φ :
We have to show that by using the above control the operator Φ has a fixed point. Since all the functions involved in the operator are continuous therefore Φ is continuous. For our convenience we take
From our assumptions we have
First we show that the operator Φ maps Y r into itself. Now
Since ν < 1, the mapping Φ is a contraction and hence by Banach fixed point theorem there exists a unique fixed point x ∈ Y r such that (Φx)(t) = x(t). This fixed point is then the solution of the system (1.1) and clearly, x(a) = (Φx)(a) = x 1 which implies that the system (1.1) is controllable on J.
Stochastic Quasilinear Delay Integrodifferential System
In this section we consider the following class of impulsive stochastic quasilinear delay integrodifferential system with nonlocal conditions
where A, B, f, g, κ, h, σ are as before and α, β, γ, ρ are continuous on J. Assume the following additional condition (H10) The function α, β, γ, ρ : J → J are absolutely continuous and there exist con-
(H11) There exists a constant r > 0 such that
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The mild solution of the system (4.1) is given by
Theorem: 4.1 If the conditions from (H1) − (H8), (H10) and (H11) are satisfied and if 0 ≤ ν * < 1, then the system (4.1) is controllable on J.
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Consider the nonlinear operator ψ : Y r → Y r defined by
Obviously ψ maps Y r into itself by (H11) and
Since ν * < 1, the mapping ψ is a contraction and hence by Banach fixed point theorem there exists a unique fixed point x ∈ Y r such that (ψx)(t) = x(t). This fixed point is then the mild solution of the system (4.1) and clearly, x(a) = (ψx)(a) = x 1 which implies that the system (4.1) is controllable on J.
Example
Consider the following partial integrodifferential equation of the form ∂z(t, y) = ∂ (1 + e −t ) sin z(t, y)
−z(η,y) dη ds ∂t
where k i , h i , 1 ≤ i ≤ p are constants such that k i > 0, t i + k i ≤ 1 and the constants α k , k = 1, 2, · · · , m. are small. For every real s we introduce a Hilbert space H s (R) as follows [31] . Let z ∈ L 2 (R) and set
where z is the Fourier transform of z. The linear space of functions z ∈ L 2 (R) for which z s is finite is a pre-Hilbert space with the inner product
The completion of this space with respect to the norm · s is a Hilbert space which we denote by [31] ). Put x(t) = z(t, ·) and u(t) = µ(t, ·) where µ : J × R → R is continuous, f (t, x(t)) = 1 4 (1 + e −t ) sin z(t, y) , σ(t, x(t)) = 1 4 e −2t (t + 2)z(t, y), h(t 1 , t 2 , · · · , t p , x(·)) = has an inverse operator and satisfies condition (H2) for every x ∈ Y r . Further other assumptions (H3) − (H9) are obviously satisfied and it is possible to choose k i , h i , α k in such a way that the constant ν < 1. Hence, by Theorem 3.1, the system (5.1) is controllable on J.
Conclusion
Our paper contains some controllability results for impulsive stochastic quasilinear systems. The result proves that the Banach fixed point theorem can effectively be used in control problems to obtain sufficient conditions. We can extend the controllability result for neutral impulsive stochastic quasilinear systems with different types of delays in our subsequent papers.
